We analyzed the effect of functional fascicular block (FFB) on ventriculoatrial conduction time (VACI) during orthodromic tachycardia (OT) in 32 patients with single accessory pathway (AP) of the Kent bundle type. The location of AP was left free wall (LFW-AP) in 21 patients, left posteroseptal in 6, right free wall in 2, and right anteroseptal in 3. FFB either alone or in combination with functional left or right bundle branch block (LBBB or RBBB) occurred predominantly at the onset of OT and was initiated with ventricular extrastimulus technique more often than with atrial extrastimulation. In patients with LFW-AP, isolated functional left anterior fascicular block (LAFB) produced significant prolongation in VACI (15-35 ms). A similar magnitude of VACI increase (20-35 ms) was also observed when LAFB was associated with RBBB. Although 2545-ms prolongation in VACT occurred with functional LBBB and normal axis, an additional 20-55-ms VACIT increase was seen when LAFB accompanied LBBB. Functional LAFB, alone or in combination with bundle branch block, however, did not prolong VACIT in patients with other AP locations. Furthermore, left posterior fascicular block did not produce prolongation of VACI in any of the cases.
Introduction
Aberrant intraventricular conduction during supraventricular tachycardia is a relatively common electrophysiologic phenomenon which in the form of bundle branch block has been extensively investigated. The effect of functional bundle branch block on cycle length of orthodromic tachycardia (OT)1 and ventriculoatrial conduction time (VACT) has been of special interest because ofits usefulness in the localization of accessory pathways (1) (2) (3) (4) (5) . Although a sudden shift ofQRS axis due to functional fascicular block (FFB) during OT is not uncommon, the electrophysiologic characteristics of such a phenomenon and its role in accessory pathway localization remain unexplored.
In order to gain insight into this problem, we performed a beat-by-beat analysis of electrophysiologic recordings during OT in patients who exhibited FFB with or without concomitant functional bundle branch block. It is the purpose of this report to provide new information concerning the occurrence of FFB and its impact on localization of accessory pathways.
Methods
Electrophysiologic study. All antiarrhythmic medications were discontinued for at least five half-lives before studies. Electrophysiologic evaluations were carried out in a nonsedated, postabsorptive state after obtaining informed consent. After local anesthesia, three or more multipolar electrode catheters were introduced percutaneously via antecubital and femoral veins and positioned under fluoroscopic guidance in the high right atrium, coronary sinus, in the region(s) of the right bundle and/or the His bundle, and right ventricular apex. Surface ECG leads (I, II, and VI), intracardiac electrograms, and time lines were simultaneously displayed on a multichannel oscilloscope and recorded on a magnetic tape for subsequent reproduction. Electrical stimulation was performed with a programmable digital stimulator (Bloom Associates, Ltd.). The induction of OT was repeatedly attempted by atrial and ventricular stimulation (incremental pacing and programmed premature extrastimulation). For each patient, VACT was determined during the following types of OT when they occurred: (a) narrow QRS complex with and without axis shift; (b) functional left bundle branch block (LBBB) with and without axis shift; (c) functional right bundle branch block (RBBB) with and without axis shift. It should be pointed out that the VACT measurements used in this study were obtained at constant OT cycle length. However, in patients where tachycardia exhibited cycle length changes, VACT comparison between different types of tachycardia was performed at comparable OT cycle lengths (A < 10 ms Table I . There were 19 males and 13 females with age of 9-64 yr (mean 31 yr). By using previously reported criteria (6) , the accessory pathways were localized to the left free wall (LFW) in 21 patients, left posteroseptal (LPS) in 6, right free wall (RFW) in 2, and right anteroseptal (RAS) in 3. In 16 patients (Nos. 1, 6, 7, 10, 11, Table I. Baseline Clinical and Electrophysiologic Data   Ventriculoatrial conduction time   Patient  AP  OT-CL  NQRS  NQRS  NQRS  LBBB  LBBB  RBBB  RBBB  RBBB  no.  Age  Sex  MP  location  NQRS  NA  LAFB  LPFB  NA  LAFB  NA  LAFB  LPFB   yr  ms   1  14  M  +  LFW  310  120  145  120  160  200  120  120  2  16  M  -LFW  360  135  155  135  180  200  135  135  3  37  M  -LFW  310  140  185  215  140  165  4 270  120  -150  175  120  120  16  26  M  -LFW  300  115  150  -190  115  150  115  17  20  M  -LFW   275  140  160  180  235  -140  18  21  M  -LFW  280  125  155  -180  125  155  19  64  M   +  LFW  135  170  20  40  F  -LFW  285  105  130  150  170  105  21  33   M   +   LFW  260  105  125  -180  105  22  43   F  +   LPS  350  105  105  105  23  26  M   +   LPS  370  110  110  135  110  110  24  17  M   +   LPS  300  115  115  115  140  140  115  115  115  25  28  M   +   LPS  330  115  115  135  115  26  57  F   +   LPS  340  90  -90  105  105  90  90  27  18  M  -LPS  280  110  110  110  130  130  -110  28   11  F   +   RFW  270  130  130  130  130  175  175  29  23  M   +   RFW  305  135  135  -135  170  170  30  9  F   +   RAS  280  95  95  95  115  115  31  35   M  +   RAS  300  110  110  110  110  110  130  130  32  22  F   +   RAS  295  105  105  125 VACT prolongation. Of note, at the onset of OT and during subsequent OT complexes, the VACT increase due to LBBB-LAFB was the same (Fig. 4) . In three patients with LPS-AP (Nos. 24, 26, 27 ) who demonstrated functional LBBB with and without functional LAFB, VACT prolongation (15-25 ms) was independent ofthe presence of LAFB (Fig. 3, B and C) . Functional LBBB-LAFB did not produce any VACT prolongation in patients with RFW-AP or RAW-AP.
Complete resolution of functional LBBB-LAFB aberrancy resulted in narrow QRS and normal axis in 12 patients, whereas partial resolution resulted in functional LBBB with normal axis in six patients or isolated functional LAFB in five patients. In the remaining one patient, functional LBBB-LAFB persisted until the OT was terminated.
OT withfunctional RBBB. 22 patients exhibited functional RBBB with normal axis during OT. Of these, 12 patients also developed functional RBBB-LAFB occurring either at onset of These two complexes are associated with VACT prolongation of 35 ms (as compared to VACT during last OT complex with narrow QRS-normal axis). Note also that the same magnitude of VACT change occurs during conduction of fifth and sixth complexes with isolated functional LAFB. It should also be appreciated that functional LBBB-LAFB (third and fourth OT complexes) is associated with 75-ms VACT lengthening.
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Jazayeri et al. (Fig. 3) . In patients with RFW-AP and RAW-AP (Nos. 29-32) who exhibited functional RBBB with and without LAFB, VACT prolongation (20-35 ms) was independent of the presence of LAFB. The resolution of functional RBBB-LAFB was complete in four patients resulting in narrow QRS-normal axis morphology and incomplete in 8 patients resulting in functional RBBB with normal axis (Figs. 3 and 5) .
We contemplated the OT cycle length variation as a possible alternative explanation for VACT prolongation. Therefore, in every patient who exhibited OT cycle length variation, the VACT was compared between the shortest and the longest retrograde AP input (i.e., V-V cycle length) preceding each type ofOT. It was noted that despite significant statistical cycle length difference (P < 0.001) during each group ofOT (narrow QRS-normal axis, 26.4±9.6 ms; isolated LAFB, 24 (Fig. 6) . The sustenance ofcombined FFB and bundle branch block, however, was observed more frequently: functional LBBB-LAFB (Fig. 4) It should be pointed out that sustenance of isolated FFB (LAFB or LPFB), functional RBBB-LPFB, and functional RBBB-LAFB was only observed when these types ofaberrant conduction occurred either at the onset of OT induced by atrial stimulation or during antegrade propagation of subsequent OT complexes. In contrast, sustenance of functional LBBB-LAFB was independent of initiation method of aberrant conduction, (A2, V2, or subsequent OT complexes) although as presented earlier LBBB-LAFB was more frequently induced with ventricular stimulation.
Discussion
Results of this study indicate that at the onset of OT, the occurrence of FFB, especially LAFB, in isolated form or combined with functional bundle branch block is a common phenomenon. Ventricular stimulation was by far, the most common method of OT initiation which generated functional LAFB at OT onset: 18 of 20 patients (90%) with isolated functional LAFB, 14 of 18 patients (77.8%) with functional LBBB-LAFB, and 7 of 10 patients (70%) with functional RBBB-LAFB. The exact reason for a higher incidence of functional LAFB at OT onset during right ventricular stimulation is not completely clear. However, mechanisms similar to those which have been previously offered to explain frequent occurrence of functional LBBB at OT onset during ventricular stimulation (8) may also be operative in these cases as well. The less frequent occurrence of isolated FFB during atrial stimulation may be due to the longer functional refractory period of the AV node and/or the relative refractory period of the proximal portion of the left bundle system as compared to the left anterior fascicle in these cases (13, 14) .
Effect offascicular block on VACT. The most important and clinically useful observation during this study relates to the effect of FFB on VACT. In patients with LFW-AP, the occurrence of isolated functional LAFB or functional RBBB-LAFB during OT was associated with significant VACT prolongation. Thus, one could reasonably conclude that in the presence of these aberrancies, the antegrade impulse must reach the AP by traveling through the left ventricular myocardium in the distribution of left anterior fascicle. This slower intramyocardial impulse propagation, as previously shown by epicardial mapping (15) , results in delayed activation of the anterolateral left ventricle and, hence, prolongation of the VACT in these patients. Furthermore, these data demonstrate that although functional LBBB with normal axis produced remarkable VACT prolongation, the occurrence of functional LBBB-LAFB resulted in even greater magnitudes of VACT prolongation. A possible explanation for this observation is as follows: in the presence of functional LBBB with normal axis the antegrade impulse propagates to the left ventricle by traversing the septum and reaching the LBB distal to the site of block. From this point on the impulse could rapidly spread antegradely along the distribution of fascicles in a somewhat normal fashion. The VACT prolongation during this type of aberrancy is therefore, primarily due to transseptal conduction time (30-60 ms) (16) . In the presence of functional LBBB-LAFB on the other hand, the transseptal impulse has to propagate through a larger area of the left ventricular myocardium before reaching the anterobasal portion of the left ventricle and hence the AP (17 (Fig. 7, d-J) . Therefore, as shown in Fig. 7 , a proximal FFB could allow deeper retrograde penetration of the fascicle via its counterpart (interfascicular activation). Consequently, by the arrival of the next antegrade impulse, the fascicle would still be refractory from its prior retrograde excitation. Repetition of this process could maintain the FFB for several cycles. When a functional block concomitantly occurs in both left anterior and posterior fascicles by an atrial impulse (Fig. 7 c) , or during ventricular stimulation (Fig. 7, d, given type of aberrant conduction provide the same information concerning AP localization as sustained aberrancy of the same type. This information can be clinically quite useful when AP localization is critical and sustained aberrancy is not attained. Second, if this argument were relevant one would expect to observe VACT changes at the beginning of OT regardless of AP location. This is clearly not the case since in this series despite comparable OT cycle lengths, VACT prolongation due to LAFB was only observed in patients with LFW-AP.
In conclusion, the results of this study convincingly demonstrate that the occurrence of functional LAFB during OT is a common phenomenon which can provide useful information for separation of LFW-AP from all other AP locations.
